In their review (low-glycaemic index diets and body weight regulation (2006)), McMillan-Price and Brand-Miller argue that the low glycemic index (GI) diet is a simple and more popular diet that will successfully improve cardiovascular risk factors and reduce body weight. We do not find that there is convincing evidence in the existing literature to suggest that a low GI diet is superior in achieving improvement in cardiovascular health and in reducing body weight in healthy overweight subjects, when compared to official dietary advice recommending a diet high in vegetables, fruit and fiber, and low in sugar and fat. This lack of evidence might partly be due to the lack of long-term, well-powered studies, with well-controlled diets differing only in GI. Data also suggest that subjects' insulin sensitivity might be an important predictor of the effects of a low GI diet, and therefore findings from studies in insulin-resistant and diabetic subjects should not be extrapolated to findings in healthy individuals. We agree with McMillan-Price and Brand-Miller when they state that 'in practice it is difficult to tease out the separate effects of GI, palatability, volume, fiber and other factors that influence satiety responses to realistic meals'. Predicting GI of realistic meals has also proven difficult. We therefore find that future studies should focus on individual food factors, such as the effect of whole grain, including intact grains, fiber, including resistant starch, energy density and preparation methods. This approach would allow for more tightly controlled trials, with less confounding factors, and also lead to simpler dietary advice with assured efficacy.
Introduction
In their review 1 , McMillan-Price and Brand-Miller argue that, with the low glycemic index (GI) diets, a popular diet and a good diet have intersected for the first time in modern history. They argue that low-fat diets have proved disappointing in public health strategies, and that the low GI diet is a simple and more popular diet that will successfully improve cardiovascular risk factors and reduce body weight owing to higher satiety, higher metabolic rate, reduced postprandial glycemia and/or insulinemia, and higher fat oxidation. We do not see robust evidence to substantiate these claims and we reach different conclusions based on the scientific evidence for the efficacy of low GI diets in body weight loss, appetite suppression and reduction of metabolic rate. We will also discuss the suitability of recommending low GI to the general public as a tool for weight management.
GI and appetite
Although the glucostatic theory was introduced more than 50 years ago 2 the role of postprandial glycemic and insulinemic response in regulation of appetite and energy intake is still controversial. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] The higher glycemic response following a high GI meal is hypothesized to result in a higher immediate insulinemic response, followed by a hypoglycemic period, which will increase hunger and lower satiety as compared to a low GI meal. [13] [14] [15] [16] [17] [18] However, in an euglycemic clamp study Chapman et al. 19 demonstrated that independent manipulation of glucose and insulin concentrations is not associated with alterations of appetite. The review of 16 acute studies on GI and appetite, 20 mentioned in McMillanPrices and Brand-Millers review, concludes that low GI foods increase satiety, delay hunger and decrease ad libitum food intake. However, another review published 2 years later included 31 acute studies addressing the effects of low versus high GI meals on satiety and hunger, and of these only 15 could find decreased hunger or increased satiety following the low versus high GI preload meal. 21 The same review found that only seven out of 15 studies, measuring ad libitum energy intake, could demonstrate a decreased intake following the low versus high GI preload. It is questionable whether acute studies measuring hunger, satiety and energy intake, in the hours following a preload meal of either high or low GI, can be translated into the effect on long-term energy balance in a free-living situation, when compensatory mechanisms may come into play, and when the time point for serving of the meal is not fixed. In a study by Alfenas and Mattes, 22 39 healthy participants were served either high or low GI foods ad libitum in the laboratory for 8 days. Although the test foods had a mean difference of 61 GI units and were well matched with regard to palatability, energy, density and macronutrient composition, the study found no differences in appetite ratings, food intake, plasma glucose or insulin responses between the high and low GI groups. 
GI and body weight
Many studies examining the effects of low versus high GI diets on body weight have problematic designs, not ensuring matching of the diets with regard to palatability, energy density, fiber content and macronutrient composition. The results are therefore, often confounded by differences in other diet factors playing a role for appetite control, for example, protein and fiber, thereby making it difficult to draw conclusions on effects of GI per se. Also, many studies have been performed with energy fixed diets, thereby not allowing effects on ad libitum energy intake to be assessed. In a review by Raben 28 20 longer term studies on GI and body weight were found. Of these, a weight loss was seen after a low GI diet in four studies, after a high GI diet in two studies, and in 14 studies no difference was found between low and high GI diet. However, of the 20 studies, 13 were designed with isoenergetic diets and five with energy restricted diets, which means that only two studies with ad libitum design existed. 29 One of these reported a significant difference in 2 weeks weight change between a low GI sucrose-rich diet (0.2 kg) and a high GI starch-rich diet (À0.7 kg), but this finding could be biased by a higher fiber content and lower energy density in the high GI diet and more soft drinks in the low GI diet. 30 The other study was a well-designed, crossover study in 11 overweight men, which found no difference in body weight after 5 weeks on low versus high GI diets, but a significant 0.7 kg fat mass loss was found after the low GI diet. 31 Since the review by Raben, 32 few more ad libitum designed studies have been performed. In a parallel designed study we found no difference in body weight loss in 45 overweight women after 10 weeks on low versus high GI carbohydrate-rich diets. 33 In a 4-month study of 34 subjects with impaired glucose tolerance, Wolever and Mehling 34 found small weight changes following well-controlled low GI (mean7s.e.m.: À0.270.4 kg) and high GI diets (À0.570.3 kg). Two additional studies with energy restriction have been published, both finding no difference in body weight loss between low and high GI groups. 35, 36 Finally, three studies comparing low glycemic load (GL) diets with more conventional diets with reduced fat intake have been published. Of these, one found significantly greater reduction in body mass index (BMI) and fat mass following the low GL diet, 37 whereas the other two found no difference between groups in body weight changes. 38, 39 In summary, no consensus has been reached as to the effect of low GI diets on body weight. This is partly due to the lack of long-term, well-powered studies, with wellcontrolled diets differing only in GI. It should also be kept in mind that effects of low GI diets may well depend on study population. In a 24-week study with low and high GL diets, Pittas et al. 40 found a greater weight loss on low GL diet in subjects with high insulin secretion 30 min after an oral glucose load, but this effect was not seen among subjects with lower insulin secretion.
GI, metabolic rate and substrate oxidation
Many studies have demonstrated an increased thermogenic effect of fructose or sucrose (as examples of low GI foods) compared to glucose (representing high GI foods), [41] [42] [43] [44] [45] [46] [47] [48] but a few studies have failed to find this difference. [49] [50] [51] However, using fructose and glucose as examples is not valid, as the metabolism of glucose is energetically more favorable than that of fructose. 52 Only a few studies have measured energy expenditure and substrate oxidation using real food, with low versus high GI, apart from the exercise studies and studies in athletes referred to by McMillan-Price and Brand-Miller.
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In a cross-over study of 13 hyperinsulinemic and nine control subjects, low versus high GI starch did not result in differences in total 24-h energy expenditure, 58 but excess energy intake did result in increased protein oxidation with the high GI starch diet, but not with the low GI starch diet. Another cross-over study in 12 obese women by Díaz et al.
59
found no difference in 10-h postprandial energy expenditure and substrate oxidation following low or high GI breakfast and lunch meals. A cross-over study on six healthy men by Ritz et al., 60 contrary to the hypothesized effects of GI on substrate oxidation, found an increased carbohydrate oxidation following the low versus the high GI meal. We found no differences in 4 h postprandial energy expenditure and substrate oxidation in 29 healthy women who followed 10 weeks low versus high GI diets before a test meal study with low and high GI preload breakfast meals was performed. 61 A parallel designed study of 39 overweight or obese subjects demonstrated that weight loss-induced decreases in resting, metabolic rate was less pronounced following a low GL diet Low GI diet and body weight B Sloth and A Astrup than after a low fat diet. 62 However, this difference can not be ascribed to GI per se, as many other factors in the diets varied. Of particular relevance to metabolic rate: the protein intake was almost 60% higher in the low GL group compared to the low fat group. 63 In summary, no clear effects of low versus high GI foods in relation to energy expenditure and substrate oxidation has been demonstrated.
GI and cardiovascular health
A recent Cochrane review 64 concludes that the evidence from randomized controlled trials showing that low GI diets reduce coronary heart disease (CHD), and CHD risk factors, is weak. This meta-analysis detected limited and weak evidence to support slightly lower total cholesterol and HbA1c with a low compared to a high GI diet. Furthermore, the meta-analysis found no evidence to support that low GI diets have effects on low-density lipoprotein (LDL)-and high-density lipoprotein (HDL)-cholesterol, triglycerides, fasting glucose and insulin levels. However, the Cochrane review also acknowledged that there is need for well-designed, adequately powered, randomized controlled trials of more than 12 weeks duration to assess the effect of low GI diets on CHD. 65 In an earlier review, Ludwig 66 reported results on 13 studies examining the effect of different GI diets with similar macronutrient compositions on serum lipids. Of these studies, 10 of 13 found decreased triglycerides, seven of eight found decreased LDL-cholesterol, and 10 of 12 found decreased total/HDL-cholesterol ratio. However, all but one of these studies were performed in hyperlipidemic or diabetic subjects and therefore gives us little information on the effects of low GI diets on serum lipids in healthy individuals. We later reported a 10% decrease in LDLcholesterol in healthy overweight women after 10 weeks on a low GI diet, compared to a small increase following the high GI diet. 66 In the same study, we have now demonstrated a decrease in the CHD risk factor plasminogen activity inhibitor 1 (PAI-1) following a low GI diet as compared to a high GI diet. 67 These findings of decreased LDL-cholesterol and PAI-1 are in accordance with an earlier 24-day, cross-over study of 20 type 2 diabetic patients. 68 There is an interesting similarity in the design of the diets in these two studies, 69, 70 in that both studies aimed to keep macronutrient composition, dietary fiber, and energy density similar in the low and high GI diets. This was mainly achieved by altering the starch structure, and both studies therefore included significant amounts of whole intact grains in their low GI diets compared to ground grains in their high GI diets. It could therefore be speculated whether the effects seen on CHD risk factors in these studies are mainly due to undigested grains reaching the colon, that is, that these studies in reality had a higher content of unavailable carbohydrate in their low compared to high GI diet. This calls for whole-grain studies to include effects not only of including all grain constituents, but also on maintaining the physical structure of the grain.
GI methodology and GI of mixed meals
The glycemic response to a food is influenced by a number of factors that make prediction of the GI from 71 If differences in preparation and storing are also included, this will increase the variation of GI, as exemplified in a recent study demonstrating a 25% decrease in the GI of potatoes following cold storage. 72 Finally, incorporation into a meal with protein and fat will make prediction of the glycemic response highly unreliable. 73 
Conclusions
We do not find that there is convincing evidence in the existing literature to suggest that a low GI diet is superior in achieving improvement in cardiovascular health and in reducing body weight in healthy subjects, when compared to official dietary advice [74] [75] [76] recommending a diet high in vegetables, fruit and fiber, and low in sugar and fat. However, we especially find that there is a lack of evidence of these effects in healthy people, whereas data on cardiovascular risk factors tend to be somewhat more extensive in insulinresistant subjects. We also find that it is impossible for the consumer to predict the GI of individual foods, and even more so in mixed meals. Furthermore, the concept is complicated by the fact that GI cannot stand alone, but should only be considered in foods with similar macronutrient composition and energy density, and preferably only in foods with high carbohydrate content. We conclude that it is irrelevant to apply the GI concept to fruit and vegetables, as there is general agreement that intake of these should be high. Furthermore, we find that GI labelling of energy dense snack and confectionary products might lead to consumers mistakenly perceiving these products as healthy. We agree with McMillan-Price and Brand-Miller when they state that 'in practice it is difficult to tease out the separate effects of GI, palatability, volume, fiber and other factors that influence satiety responses to realistic meals'. We therefore find that, future studies should focus on individual food factors, such as the effect of whole grain, including intact grains, resistant starch, energy density and preparation methods. This would allow for more tightly controlled trials, with simpler conclusions and less confounding factors, and in the end lead to simpler dietary advice with assured efficacy.
